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#M 2003-322170 ^-vl 1/ 

f - ^ ;u fiJt i: ^ ^ -> 'J n > #i»#:^M ^ mii^mit^^-cmit L littm^blji ^ ff^ 
-i.^ 1 OX^lh. fiiB4itt^'fbM^^tiJ^i-'5.^2(7)iat ^^-<^. iuie^ 1 jo J: i^^l 

[W« 7 ] 

HUlB:ty*>7l^{i. ^^^ict-O. 0 0 1 p pmT^Ml 0 0 p p mO:t V*>7!/^^-^#i-^7lc-t~ 

imi^^ 8 ] 

HulB^t v'^^TKtix ^MtK^c 1 ppm7!7^3 0 p p mO^ y'>75^1§^i--2)7K-eib'i) C <h =^ 
1 0 3 

Htie^^^M-fb^soHfriBj^Mii, i 07^7^3 o°c-e2 o#j^±^f9 ^ t ^#it<h-r-i, 
[tt*]l 1 1 3 

m)fB^2 <7)Xfi{i, 7 •ym^-^"tf;dc?#?S^fflv^TmifBi|ittmfbflI^iiJ^1--?.I^I^*-r 
C <!: ^mm.t-r^mim 1 7!;^ 1 0 ov^-r^75ntc|B«<7)#S#^^gOMit:^-^o 
1 2 ] 

BiifB» 2 (7)1^1 (i, Jia^t 7 •7m<7)?l>^MS:fflv>-CMfBi|ittmfbm^fiJ86i-'I.X®^ 

;ti-'2> - 1 ^w^h^^mim. 1 7!?M 1 0 (7)v^rn>intciB«oi|^^#^m(?)Mjt:^^o 

[W*ai 3 3 

mzm 2 (Dxmt. h f t m^mmmmi)^ i o o p p b j^jit^^h 2 o t ^^^-t^mw. 
1 4 1 
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[tmm 1 5 ] 

mti'yV^^y^mitmmii. (llO)ffi. ( 5 5 1 ) M> (311)M^ (221) 
M, (5 5 3)M. (3 3 5)M> (112)M. ( 1 1 3 ) M. (115)M. (11 
7) (3 3 1) (3 3 2) ( 1 1 1 ) J: ( 3 2 0 ) Mov^-ftiJ^^O^/J 

'So 

[W*JS1 6 J 

imMm 1 7 ] 

Buie^ 1 i3ct^K^2<7)XfItci3V^Tffl</^ibn^^jS^^^tcMtL$-tir^v^ J; 9 LtI:^ 
[W^:^183 

[W*]^ 1 9 3 

Buie^l cOXfltifj|e^2<7)X«i:^2|5im±||l9^-r>r <!:^#i!^i:-r^»*]Kl 8fe 
[»*Ji2 01 



im^m2 13 

[»*:^2 23 



mMm2 33 
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[0 0 0 1 3 
2f #:t-v ^ X i^o^p i- -f) o 

[0 0 0 2 3 

^LDD (Lightly Doped Drain) WitO n MMW'^i}^^ h v > v X 
I 0 0 0 3 3 

t-r. ^r^i^mU-C^)^ pM (10 0) ffiv 'J 3> 1 0 1 O^ffitC, ^JxtfS T I (S 
hallow Trench Isolation) -^tcj;*) m^f-^M^n^^. 
1 0 2 ^fM-r-S) (a) o 
[0 0 0 43 

^i3^|§^t2i3{t^®:^fi<7)|Eiilii: LT. m^it^ (10 0) J±. (10 0) Mt^^fiB^ 

M(ioo). (010). (0 0 1) fj:t'^r^mWLrmLx\^^^o 

[0 0 0 53 

m^mmi 0 2 i^z^ RC Av5fe^M^tfv^ (b) , /^"-7"'f ^ ^l'. 

%^i^*Lf^m. h^i^in (s i 0 2) 1 0 3 ^j^m-r^ (c) o 

[0 0 0 63 

^tc. ::i > 1 0 1 O^Mi;. L # v^'lit^|±^$ljf^i->|, 7t:i6. -"Kd > ^ ^ ^ > Ai-'S. 
(d) o 
[0 0 0 73 

TS^ffli^i 0 2<7)r- vmmmi o 3±tc, ^ish^hv'; =f >ssi o 5 ^i^m-t^ (e 

) o 

[0 0 0 83 

> ^ i^m^x ^-^y'&XL T ism# ^ m^n-r^ n-v~^Ru vu4 > Hit 1 0 
6 ^fMi--So 
[0 0 0 93 

^tc. C VD-S'^ticj: 19 > y"- bmS 1 0 5 ^l^ai-^ J: ^ iC, =i ymitM (S 
102) ^r. 3 > 1 0 1 co^MtClftf*$-tl:. S^^ttaL-y^^-i^-^^fo-C. hm« 

1 0 5<DmmKmmmmmi 0 7^fMi--2. (g) o 
[00103 

-eof^, at^^t^OnSl^i^t^^-iiSsiJStC^;^ :^-aAL-Cn + V.-7>;!it/Kl^^ >Hit 
1 0 8 ^fMi-^ (h) o 
[f&B-^<7)^^3 

[0 0 1 13 

[00123 

#tc, (110) ^^') ^y^m^^fzm^. T)i'ij^)^mmKi6^f;bw.fiiii^L<^j:^o 
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:^^?^mU^nX^^^o HLX (110) v'J rr^^fflv^/^tt^, p M h 9 > v X ^ 0|EK) 
H^tlti> ( 1 0 0) OJ^^^JticL. *^2. 5^§^>±^i-^^ 'J y hT&^'^^o L^^L'^*^^ 

LTLt^o nah7>vy?>^<7)|EttiBg:'3C7)fg:T75^?nx.<btLniS\ (110) v V n >(± 
. I^#tc^ffl^*t5|s|-i:^ ^Jlf'&o (110) v'J 3>t;i3V^T. n M h 9 v7> OlEfft 

[0013] 

JiJ.±{inM«l^?:ft*h^>vy?>^^^Ji: L■Ci^^^L7t75l^ TFT. CCD^IGBT^ 
<7)#^#*T-lCov^T^. lBl#=5::ii:7&mx.>S>o 
[0014] 

1':JI±cOJ: ^ ^Pa^M7)^<b> 5fel3tiai Lf^ffiM (2 0 0 2 ^^ItM^ 3 5 0 1 7 7^) Xkt 

^■r. 4 0 0°cJ2J«Toa«T'#2g#fiJt<7)^ffitr!|ittKfl:m^?fMt. -e^T)!^, iiiWfb 

[0 0 151 

[0 0 16] 

[0 0 17] 

mm ^ mikir ^tzifxD 

[0 0 18] 
[0019] 

'fb^^TofcP^o. m'fbBtr^tflDSor^i^^^i-o 4^^^fb{±. (loo) , (i 

10). (Ill) ffit;:J^tLT^f oTv^;|,o K^^^fbti. v U n >DS:^f£ ic J: D ^'fbl^ 

ztniy'yij)\^miti<zx^x^ mij6^^j:mitm7t>n^ z t . ^tiKntx -imitx 

iim:ffm^j:mi\:-^^^ioti;hzt^^Lx\^^:ho ^:ffmRVmum^j:mi\:i:notzm<D (1 

1 0) mm(Dwmmz^-K.:h§mi. msi^zTj^Lfzo m:fjd^^j:m'it<Dm^. mmizm^^^^j: 
m^h^^^'DXi>mu^^:fj^i<zMn'r^fzi!b. m^-^^mi&^'nm^^izmi:^ixx^ ^mt 
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#11 2 0 0 3 -3 2 2 1 7 0 ^- v : 3/ 

■^frnm^k. ^(DMiimz^h-f^ m:}jmti:mit^^ii^ ^ti)^i^mx'h^ ^ ti)^5^i)-^o 

[0 0 2 0] 

m-fim^j:mit^'ijL^z.t^mfz\,z^Bi,Ltzo mA\z. ^v^tK^vv =r>Mtc@)ii!i! ( 

^i-i^'ftzn-r^^t^^ts) ^^fzm<D. ^m.m^tmitmm-'^m^^Tf^'fo ^v^yy^t 

LTii^ltTRi; 5 p p m(7):ty">7i)^lt^LTv^^ MfiMiS (2 3t:) Xfr 

oTtio 1212 t|wiMt3, v'j 3> ( 1 0 0) . (110). ( 1 1 1 ) ffi:^fin*^L-c=ff o 

. -\-^xhi>^ti'M.%L. mit>xmMm'r:^mmmi)^'^m.tti:n . ^^nmmit^m-W} 
\izmm-th:Lbifix^^o m^^^i>i.n\z^ Mmitn^m-^^t^n^mwL^m^^x i>nm(r> 
^^i)mhfifz. 

[0 0 2 1 J 

m^z^ ^Sfi^jtc (1 1 0) ffi:^fi^-e<7)^Mn;ti--i. 3>-e{i. ^-^mti:mitm=f 
t>i\.:^m^. (Ill) M75^'«5tfl«Jt;m'ft$a'l.- t tict 19. <-l 1 0 >l3n^zm-h^f^ 

tamt^^^m^^xm^mitm'k'i^mL. mm-n>^tK^h^m\:^m\t^ mnm^z ( 

110) m:^\lL^mM\.z^-r^i/') :=ty(D^mUzm\iZm)iX^ho 

[0 0 2 2] 

^i3^®e<j^ (110) M:^fii:ti, m^^m^^x. (i i o) M:^et 

:^|6]^f6]V^TV^^®-C^ , (551) (311) (221) M, (5 5 3) M 

. (3 3 5) ffi, (112)M. (113)M. ( 1 1 5 ) {I 17) M^J:if^^ts 

o 

[0 0 2 3 J 

^TtKazuo Sato^ #0^0 Sensors and Actuators 7 
3 (1999) P122-130t;i3tt^Fig. 2 1^. {1 I 0) M^T ^) :i- y 

^y^'^mLfzi^-k. <-i 1 o>:}^\^izm:^^M^mmmmm^hti^^ t:d^^:^-^x^^^ 

ho (110) ffii:|5l«=^Rffifm75^1#'b^^Mi: LT, < 1 0 0 >:^fpl{i0 - 1 2" 
tX-^y^^tzM. m^\t%'' -^-yoy (551) M^t^TS^^STtii >l>o <- 1 1 0 >-^n 

^\tv ^-y^^fzM^xM. nm.ti^'^mfi-bmhfLho *Fig. 20(110) b 

[0 0 2 4] 

$<blCT. Satofb ^^<7) Phys. Rev. , B4, 1950 (1971) \,Z^h 

(110) mtm^j:^^')Tm^mmm-Amhfihm'tmhzt:^^iii^ho ^ni,t 
xn. < - 1 10 >yj\^{zmT-^mLfzm'^. < - 1 1 0 >;^ip]^o - 3 5° ^^y^^t/z 

M> I^Jxtf (3 3 1 ) (2 2 1 ) ( 3 3 2 ) (Ill) W^j: t'^m^^X ( 

110) mtmmom^^mmm^'i^hzt^^m^ho tfz<i - 1 0 >yfm^o- 1 2 

° ty^-tfzm. m^i£ (3 2 0) m^m^^xii (110) Mtl^^o^t&^tt-sc: tTj^^ 
[0 0 2 5 J 

[0 0 2 6] 

^^xmitLm'^m^ftm^mji^irhm 1 (T^ifit. mmm'^mtm^mM-thm2(Di:m 

t^^^. Huie^ 1 is ct 0^112 OXS^^^^ < 1 m^^hZtizx^Xmm'y') 
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[0 0 2 7] 

^ ^- ;u ^it i: 4* 'I. # '> "J 3 > M ^ W\t m^mt L 7t f - ^ t ^ 

[0 0 2 83 

Mie^l<7)Xfli:BUie0 2£OXff i:{i2IilJ^:J.±. ftff L< (±3 lili/cti^ttJiiLXIiOii 
[0 0 2 91 

miiS^:^14mfI:#^f±^ 4 0 0 "CUTOSJ^-eBuIfiv- >; a ^^f^^^^M^ 7 vp^; ^i/m-ft 
[0 0 3 0] 

BUiS^V>7Kf±> ^^TKt; 0 . 0 0 1 p p m7^;M 1 0 0 p p m. t < (i 1 p p mJ!; 

M3 0 p p m<7)^y';/;^?y#;j^i-^7Kt^-^)ft{i^J; v^o ^ /cBufej§m'ft:;4c*7K{i> 3 0 7!;M1 

0 OSiroOiim^bTK^^^^it Ttili^m^ii^I'^L-C'^tf ^co-t^^o-C J: v^o iuis^:^ 
ttm'fl:^a<7)HufS*iMJ±^ 1 0 7!;M 3 0 °c, i L < (± 2 0 "c^^^-b 3 0 °c-e 2 0 #JiJ.±. 

L< {±3 0#i^Jl±=ff ^ -iiTi^^Mi Lv^o 
[0 0 3 1 ] 

-Cv^Tiv^o 7 y^iiWiiJ^^i^'O. 01%7!;M1. 0%,^fiL<{±0. 0 

^{±. ta^-h -7 -7mo^i^ytvS^fflv^THffie!i«!ffi^<bm^fij^i--2.xfs-e*or ^) iv^o 
^(Dm^. y -yMiiMJ^i o%Tjm3 0%. mmnn^.. -t't^^g o%7!;^7 o%t-t 
^<7)mi-t Lv^o tfzmmm2<7:>j:m^i. uf tmwmmmm^f)^ o o p p bJiJ.T<7)H2 
ot^^w^^v^vs^fflv^-cfr mm^mitm ^ pj ^-t ^ x^i ^ o -c ^> i v > « 

[0 0 3 2] 

Hufe->'; 3>4^'*#^M{±^ (10 0) (111) m(r>ii(DX'^'^riiX\^^:^K m 
Kfi^t^ (110) m:}jm^-r^i)<Di,z!3[^i.z^)}m^i)^o ^Kfititc (i i o) Mf±. (i 

1 0) ®> (5 5 1) (3 IDS. (2 2 DM. (5 5 3) ( 3 3 5 ) 
(112)M. (113)M. (115)M> (117)Mx (3 3 1)®> (3 3 2) 

m. (1 1 1) Mi3<tr/ (3 2 0) mo\^^-rM^(Dioit^'^iso 

[0 0 3 3 1 

BufS^ 1 <7)XfI;0-'bHyfe**#^g<7)fMi-C\ mTiev n 
$it;^v^J: ^{z-t^^Lt. mtim 1 is J: 2 oX^Mic^fev^Tfflv^ ^ tt^^iR^^^HM 

[0 0 3 4 ] 

ffMi:!|ittm'fbMOfiJgtMa^^f9 C tT'. V'; rf^^MO^jfitt^. Ra = 0. 05 n 
[0 0 3 5] 

pM ( 1 1 0) v'J 3> 5 0 1 (DmmK. mK.l£S TI(Sallow Trench 
Isolation) -ftt; i 0 *i=-^g|^=Jf V-;^. K ^ ^ 
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^tsm=Fmm5 o 2 ^^M-r-i. (a) o 

[0 0 3 6] 

■t (b) o >ti3RCA-^^tt^O-j:fl-e^^ SC lf5fe?^B#tC^v^T. 

naaij't s c 1 5!iaT:i±. nh40h:h202 :h20=i : 1 : 5 (Dm-{^^m^^^^^ 
, c^-cfi, nh40h:H202 :h20 = o. 05 : 1 : 5 oumm^^nfr^^ 

, COP^St&^'I^v^o MoT, S C 1 a^BttCiott-SftM^ •7^^XOlij!]n^iip$lJ-r'Slc{i 
5 E 1 6/c mSflJtt TfgT^-ti-T^cv'; n >^fflv>^;5^ $ S i I; 5^ 4^ 

^ V Affile ife L/C V 3 > -> i/^^fflv^7to 

[0 0 3 7] 

J^^, BtriHiaOHftJSOS C lX^^fflv^T^>, -K^, ^^'t^^^mm-^R ayfj^O . 1 5 
n mfSyS^-Bo 
[0 0 3 8] 

> ^tt^fbms 0 3 ^?FM (US (c) ) o 7K*r3s*P7K^ffiv^-C#flL/s:0. 5 

%HFv§js^fflv^. liW'fkiii^iij^LT^c (115 (d) ) o ^(Dm^mimm^^mtmm 

RaT&^'O. 0 5 nmtfSz^tTto ^n{±#J^ 2 0 0 2 3 5 0 1 7 7 1 ^^;K^ 

S X_ o 

[0 0 3 9 J 

o 

[0 0 4 0] 

*^4 : 1 <7)Jt-Crl'^L/cv#?S (SPM) >; 3 >^ffi^aL7tP^O. ?§-»3ffiB#rB^^: 
Kjl:MI¥<7)M^^^1-o 1214 v'J ( 1 0 0) , (110), (11 DM 

i)mnL. ^ix]^X±Mi\:-hmt-^£^^:^t^^'j^-^-z>o littm-fbliitT^f^^B^f^^O? 3 0 

t^^;^'ttmfb¥^7!)^*-?:tiT3b^ ^ ^: L-Cv^^o 
[0 0 4 1 ] 

[0 0 4 2] 

<litt^<bMOiiJg|xat3i3V>T{i. jg:0H?jiJgO^?R, 1?iJx.{i\ HFtHC 1 O^l-^Jt 

miiE# 2003-3097179 



#ig 2003-322170 



6/ 



[0 0 4 3 J 

$ n ^ 4^31 pi^ $ n ^ c t * < , ir #f -e ^> o 

[0 0 4 4 ] 

>kiZ^ mir-mMcO'y^) =i>mm^mitL. 5 nmor- hi^^tM (S i 02) 5 0 4 ^ 

Mi-^ (e) o ^i3^|&0^tCi5V^TfM$ti^ v'J ii-^^ < h v V n > 

[0 0 4 5] 

^ (f) o 

[0 0 4 6] 

->•; r3> 5 0 1 O^Mtc, #^h^hv'J :3 >)ii^jt|t$-<t. -:^y 9'L 

-C^T-IIJtS 0 2 or- h^lt)jl5 0 4±t;, ^ISh^hv'J 3 >mS5 0 5 ^?FMi-^ (g 
) o 

[0 0 4 7] 

6 ^ffMi-^ (h) o 
[0 0 4 8] 

^k\^. C VD-ft^tici 19. r- bSfes 0 5 ^l^^-t^ J; 0 tc. (S 

i0 2) -> n > 5 0 1 O^MtlJtm$-it/^f^> ^>^^^ffoT. h 

mffi 5 0 5 (Dmm\zmm'i^mm 507 ^fM-r ^ ( i ) o 

[0 0 4 9] 

^(o'ik. WLm^j:t'<Dnm^m.m^'mmmz^:^y^xLxn + v-7.-^xj^vv^ 

5 0 8 ^ff^^-r-i) ( j ) o 
[0 0 5 0] 

[HI] t^5^^t#f j3 (t ^ h 7 > V ^ <7)<^^ 7 n - -e* >!, o 



[me] ^ lXfIi:||2IfS<7)^f9iIL[eimi: R a ^ OMI^^^-T^-^ 7-e*-2)o 

[117] spuizx^^mmmtmmm<7)m%^7f^-t^^yyx^^o 



[0 0 5 1 ] 



5 0 1 

5 0 2 

5 0 3 

5 0 4 

5 0 5 



V U =J > 
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105 



cf) -r*>aA 
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[US] 
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501 
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503 
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